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Abstract
The K0S − K0L asymmetries in the D meson decays, induced by the interference between the
Cabibbo-favored and the doubly Cabibbo-suppressed amplitudes, can help to understand the dy-
namics of charm decays. All possible processes of two-body non-leptonic D decays into one neutral
kaon and another pseudoscalar or vector meson are considered. We study the K0S−K0L asymmetries
and the branching fractions of corresponding processes in the factorization-assisted topological-
amplitude approach in which significant flavor SU(3) symmetry breaking effects are included. The
branching fractions of K0L modes are predicted. It is first found that the K
0
S −K0L asymmetries in
the D0-meson decays are shifted by the D0−D0 mixing parameter yD ' 0.006, to be 0.113±0.001
for all the relevant D0 decay modes. Our results on K0S −K0L asymmetries are consistent with the
current data and could be tested by experiments in the future.
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I. INTRODUCTION
The study of D-meson decays and mixing can provide some useful information with
respect to flavor mixing and CP asymmetries [1]. The two-body nonleptonic decays of D
mesons can be classified into three types: Cabibbo-favored (CF), singly Cabibbo-suppressed
(SCS), and doubly Cabibbo-suppressed (DCS) processes. In the Standard Model (SM),
they are, respectively, corresponding to the Cabibbo-Kobayashi-Maskawa (CKM) matrix
elements, |V ∗csVud| ∼ 1, |V ∗cdVud| ∼ |V ∗csVus| ∼ λ, and |V ∗cdVus| ∼ λ2 with the Wolfenstein
parameter λ = sin θC ≈ 0.225 and θC as the Cabibbo angle. Unlike the CF and SCS
processes mostly observed in experiments, only a few DCS modes are well measured due
to the relatively small branching fractions [2]. However, the studies on DCS processes have
great interests for us. Because of the relative smallness in the SM, the DCS processes can be
significantly affected by new physics beyond the Standard Model. For example, there would
be new CP violating effects in the DCS processes in some new physics models, thereby
affecting the determination of mixing parameters and indirect CP phases in the D0 − D0
system [3, 4]. Besides, the studies on DCS processes can help to test the flavor SU(3)
symmetry and understand the dynamics of charmed hadron decays and the mechanism of
D0 −D0 mixing [5–18].
Among the DCS modes, the decaying of D mesons into K0 in the final states is actually
involved in the processes with K0S, which are dominated, however, by CF modes of D
decaying into K
0
. We cannot distinguish the effects of the CF and DCS amplitudes in the
individual data of D → K0Sf . In some of the literatures, the decays with K0S in the final
states are always approximately considered as saturated by CF contributions, and hence the
DCS information is neglected in such processes [7–9, 19].
The difference between the K0S and K
0
L modes induced by interference between the CF
and DCS amplitudes was first pointed out by Bigi and Yamamoto [20]. They proposed the
observable of the K0S − K0L asymmetry to describe the difference between modes with K0S
and K0L. In the two-body decays of D → K0S,Lf with f as the other meson in the final state
except for the neutral kaons, the K0S −K0L asymmetries are defined by
R(f) ≡ Γ(D → K
0
Sf)− Γ(D → K0Lf)
Γ(D → K0Sf) + Γ(D → K0Lf)
. (1)
The nonvanishing values of R(f) would be induced by the interference between the decay
amplitudes of D → K0f (CF transitions) and D → K0f (DCS transitions). Therefore,
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the determination on the K0S − K0L asymmetries in D decays can be useful to study the
DCS processes. The asymmetries in D → K0S,Lpi decays have been measured by the CLEO
Collaboration [21]1
R(D0 → K0S,Lpi0) = 0.108± 0.025± 0.024,
R(D+ → K0S,Lpi+) = 0.022± 0.016± 0.018.
(2)
The K0S−K0L asymmetries have been studied in the QCD factorization approach [23, 24].
However, since the charm quark mass is not heavy enough, the QCD-inspired methods, such
as the QCD factorization approach [25], the perturbative QCD approach [26], and the soft-
collinear effective theory [27], are not suitable for charmed hadron decays. The asymmetries
are also predicted in the conventional topological diagrammatic approach under the SU(3)
flavor symmetry [7, 11, 13], but it is known that the SU(3) breaking effects can be as large
as 30% in charm decays and, thus have to be considered. In [10], the authors studied the
K0S −K0L asymmetries in the topological approach including linear SU(3) breaking effects.
Since there are too many parameters in this method, the predictive power is limited.
In this work, we study the K0S−K0L asymmetries in the factorization-assisted topological-
amplitude (FAT) approach [5, 6], in which nonperturbative contributions are included and
significant flavor SU(3) symmetry breaking effects are well expressed. It has been shown
that the FAT approach works well in D meson decays. The results on branching fractions
are consistent with experimental data in the D decays into two pseudoscalar mesons (PP ),
or one pseudoscalar meson and one vector meson (PV ). Furthermore, the prediction on
the CP asymmetry difference ∆ACP = ACP (D
0 → K+K−) − ACP (D0 → pi+pi−) in the
FAT approach [5] is verified by recent LHCb collaboration [28]. The FAT approach will be
introduced in details in the following sections.
In this paper, we will study the K0S −K0L asymmetries in the SM in the D → PP decay
modes of
D0 → K0S,Lpi0, D0 → K0S,Lη, D0 → K0S,Lη′, D+ → K0S,Lpi+, D+s → K0S,LK+,
1 The BESIII collaboration has reported their preliminary result with only statistical error that [22]
R(D0 → K0S,Lpi0) = 0.1077± 0.0125.
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and firstly in the D → PV decay modes of
D0 → K0S,Lρ0, D0 → K0S,Lω, D0 → K0S,Lφ, D+ → K0S,Lρ+, D+s → K0S,LK∗+.
Furthermore, the D0 − D0 mixing effects will first be considered in K0S −K0L asymmetries
in the neutral D meson decay modes, which we find to be non-negligible.
The plan of this paper is as follows. In Sec. II, we will show the general formulas of
the K0S − K0L asymmetries, R(f), and the D0 − D
0
mixing effects on it. In Sec. III, we
shall present the amplitude decompositions of D → PP and D → PV decays in the FAT
approach. The numerical results on branching fractions and K0S −K0L asymmetries will be
given in Sec. IV. Sec. V is the conclusion.
II. THE FORMALISM OF THE K0S −K0L ASYMMETRIES
A. The K0S −K0L asymmetries in charged D decays
The K0S and K
0
L states are linear combinations of K
0 and K
0
, under the convention of
CP|K0〉 = −|K0〉, as
|K0S〉 =
1√
2(1 + ||2)
[
(1 + )|K0〉 − (1− )|K0〉
]
,
|K0L〉 =
1√
2(1 + ||2)
[
(1 + )|K0〉+ (1− )|K0〉
]
,
(3)
where  = ||eiφ is a small complex parameter indicating the indirect CP violating effect,
with the value of || = (2.228 ± 0.011) × 10−3 and φ = 43.5◦ ± 0.5◦ [2]. We start with
this more general formula of K0 − K0 mixing, and will find later that the parameter  is
negligible in the K0S −K0L asymmetries.
In order to study the K0S − K0L asymmetries in Eq.(1), we express the amplitudes of
D → K0f and D → K0f decays as
A(D → K0f) = TCFei(φCF+δCF), A(D → K0f) = TDCS ei(φDCS+δDCS), (4)
where TCF,DCS are real, φCF,DCS and δCF,DCS are the weak and strong phases for the CF and
DCS amplitudes, respectively. The CKM matrix elements have been involved in TCF,DCS.
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From Eq.(3), the amplitudes of the D → K0Sf and D → K0Lf decays are [29]
A(D → K0Sf) =
1√
2(1 + ||2)
[
(1 + ∗) TDCS ei(φDCS+δDCS) − (1− ∗) TCF ei(φCF+δCF)
]
,
A(D → K0Lf) =
1√
2(1 + ||2)
[
(1 + ∗) TDCS ei(φDCS+δDCS) + (1− ∗) TCF ei(φCF+δCF)
]
.
(5)
For convenience, we define the ratio between the DCS and CF amplitudes as
A(D → K0f)
A(D → K0f)
= rf e
i(φf+δf ), (6)
where rf = TDCS/TCF, φf = φDCS − φCF and δf = δDCS − δCF. Note that rf is small,
rf ∝ |V ∗cdVus/V ∗csVud| ≈ λ2 = O(10−2). The parameters rf and δf depend on the individual
processes and φf is mode independent in the SM. Then the K
0
S −K0L asymmetries can be
written as
R(f) =
|(1− ∗)− (1 + ∗) rf ei(φf+δf )|2 − |(1− ∗) + (1 + ∗) rf ei(φf+δf )|2
|(1− ∗)− (1 + ∗) rf ei(φf+δf )|2 + |(1− ∗) + (1 + ∗) rf ei(φf+δf )|2
= −2 rf cos(φf + δf )(1− ||
2) + 2 sin(φf + δf )Im()
|1− ∗|2 + |1 + ∗|2 r2f
' −2rf cos(φf + δf )− 4rf [Re() cos(φf + δf ) + Im() sin(φf + δf )]. (7)
The second term in the last line is sub-leading, at the order of 10−4, and hence can be safely
neglected compared to the first term which is O(10−2). Thus the K0S −K0L asymmetries are
not sensitive to the CP violating effect in the K0 −K0 mixing system. Besides, the weak
phase difference φf is tiny in the SM, φf = Arg [V
∗
cdVus/V
∗
csVud], sinφf = O(λ4) = O(10−3).
Hence as a good approximation, the K0S −K0L asymmetries can be expressed as
R(f) = −2 rf cos δf . (8)
It can be expected that R(f) = O(10−2). Therefore, the determination of the K0S − K0L
asymmetries is useful to understand the dynamics of the DCS decays, especially the relative
strong phases between DCS and CF amplitudes.
Note that all the above formulas are in general for D decays. In D0 decay modes,
the D0 − D0 mixing effects have to be considered, which will be discussed in the next
subsection. Besides, as seen above, the CP violating effect in K0 −K0 mixing is negligible
in the discussion of K0S −K0L asymmetries. Thereby K0S and K0L are the CP even and CP
odd states, respectively,
|K0S〉 =
1√
2
(
|K0〉 − |K0〉
)
, |K0L〉 =
1√
2
(
|K0〉+ |K0〉
)
. (9)
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In the following discussions, we will use the above formulas for K0S and K
0
L states, and the
decay amplitudes of
A(D → K0Sf) = −
1√
2
TCF eiδCF
(
1− rfeiδf
)
,
A(D → K0Lf) =
1√
2
TCF eiδCF
(
1 + rfe
iδf
)
.
(10)
In the SM, there is a minus sign in rf = − tan2 θcrˆf , with rˆf = |(TDCS/TCF)(V ∗csVud/V ∗cdVus)|.
Then the CF and DCS amplitudes would contribute constructively (destructively) for the
K0S (K
0
L) modes in the case of cos δf > 0, and conversely for cos δf < 0. R(f) can also be
expressed as
R(f) = 2 tan2 θC rˆf cos δf . (11)
Physics does not depend on the phase conventions. If CP|K0〉 = +|K0〉, Eq. (8) would
become R(f) = 2rf cos δf . But as shown in [7] that the decay constants of K
0 and K
0
are
opposite in sign in this case, there would be additional opposite sign between A(D → K0f)
and A(D → K0f), so then rf = tan2 θcrˆf . Thus (11) still holds under different phase
conventions.
B. The effect of the D0 −D0 mixing
We will study the D0 − D0 mixing effect in the D0 → K0S,Lf 0CP decays, where f 0CP is a
CP eigenstate such as pi0, η(′), ρ0, ω and φ. Under the convention of CP|D0〉 = −|D0〉, the
mass eigenstates of the neutral D mesons can be written as |D01,2〉 = p|D0〉 ∓ q|D0〉 with
q/p = |q/p|eiφD . Some standard notations are used in neutral D-meson mixing:
AK0S ≡ A(D0 → K0Sf 0CP ), AK0S ≡ A(D
0 → K0Sf 0CP ),
AK0L ≡ A(D0 → K0Lf 0CP ), AK0L ≡ A(D
0 → K0Lf 0CP ),
λK0S ≡
q
p
AK0S
AK0S
, λK0L ≡
q
p
AK0L
AK0L
, ΓD0 ≡
ΓD01 + ΓD02
2
,
xD ≡∆mD0
ΓD0
=
mD01 −mD02
ΓD0
, yD ≡ ∆ΓD0
2ΓD0
=
ΓD01 − ΓD02
2ΓD0
,
(12)
where the amplitudes of D
0 → K0Sf 0CP and D
0 → K0Lf 0CP decays are expressed as
A(D0 → K0Sf 0CP ) = −ηCP ηK0S
[TDCSei(−φDCS+δDCS) − TCFei(−φCF+δCF)] /√2,
A(D0 → K0Lf 0CP ) = −ηCP ηK0L
[TDCSei(−φDCS+δDCS) + TCFei(−φCF+δCF)] /√2, (13)
6
where the minus sign is from CP|D0〉 = −|D0〉 and ηK0S(ηK0L) = +(−) from (9), and ηCP =
PC(−1)J with the quantum numbers J PC of f 0CP . For the decay modes with pseudoscalar
mesons of pi0, η(
′) or vector mesons of ρ0, ω or φ, the values of ηCP = −1. In the absence of
CP asymmetry, we get the decay amplitudes of
A(D0 → K0Sf 0CP ) = −
1√
2
TCF eiδCF
(
1− rfeiδf
)
,
A(D0 → K0Lf 0CP ) = −
1√
2
TCF eiδCF
(
1 + rfe
iδf
)
.
(14)
In the neutral D meson system, CP is conserved at the level of 10−4 so far [3]. It is a good
approximation that |q/p| = 1 and φD = 0. So then, with Eqs (10) and (14), we get
λK0S = 1 and λK0L = −1. (15)
The time-integrated decay rates of D0 → K0S,Lf 0CP decays can be expressed as [30]
Γ(D0 → K0S,Lf 0CP ) =
∫ ∞
0
Γ(D0(t)→ K0S,Lf 0CP )dt
=
∣∣∣AK0S,L∣∣∣2 [1 + 1 + |λK0S,L |22 y2D1− y2D −
1− |λK0S,L |2
2
x2D
1 + x2D
+Re(λK0S,L)
yD
1− y2D
− Im(λK0S,L)
xD
1 + x2D
]
.
(16)
Notice that the first term is independent from neutral D-meson mixing. The K0S − K0L
asymmetries in the D0 decays are
R(f 0CP ) = −2rf cos δf + yD. (17)
Compared to (8), the mixing parameter yD contributes to R(f
0
CP ). The yD term in (17) is
attributed by the terms of Re(λK0S,L) in the rates Γ(D
0 → K0S,Lf 0CP ) in (16). The current
world averaging result of yD is (0.62 ± 0.08)% in the case of CP conservation [3]. If the
precision of the measurements of R(f 0CP ) could reach up to 10
−3, the neutral D-meson mixing
effects have to be considered in the analysis of D0 decays.
Similarly to the case of K0 and K
0
, the phase conventions of D0 and D
0
would not affect
the physical observables. If CP|D0〉 = +|D0〉, an additional minus sign would exist in each
equation of (13) and (15), and the terms of Re(λK0S,L) and Im(λK0S,L) in (16). So then (17)
still holds in this convention.
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III. AMPLITUDE DECOMPOSITIONS IN THE FAT APPROACH
The factorization-assisted topological-amplitude (FAT) approach works well for the charm
decays [5, 6]. It is based on the topological amplitudes according to the weak currents.
There are four types of topological diagrams for the two-body nonleptonic D meson decays
at the tree level [31]: the color-favored tree emission amplitude T , the color-suppressed tree
emission amplitude C, the W -exchange amplitude E, and the W -annihilation amplitude A,
as shown in Fig. 1. Then the hypothesis of factorization is used, to calculate each topological
amplitude which is factorized into two parts: the short-distance Wilson coefficients and the
long-distance hadronic matrix elements. The large nonperturbative and nonfactorizable
contributions are parametrized to be determined by the experimental data. In this way,
most SU(3) flavor symmetry breaking effects are included.
FIG. 1: Four types of the topological diagrams contributing to two-body nonleptonic D me-
son decays in the Standard Model: the color-favored tree amplitude T , the color-suppressed tree
amplitude C, the W -exchange amplitude E and the W -annihilation amplitude A.
The effective Hamiltonian of the charm decays in the SM can be written as [32]
Heff = GF√
2
VCKM [C1(µ)Q1(µ) + C2(µ)Q2(µ)] +H.c., (18)
where GF denotes the Fermi coupling constant, VCKM is the products of the Cabibbo-
Kobayashi-Maskawa (CKM) matrix elements, C1,2 are the Wilson coefficients. The current-
current operators are written as
Q1 = u¯αγµ(1− γ5)q2β q¯1βγµ(1− γ5)cα, Q2 = u¯αγµ(1− γ5)q2αq¯1βγµ(1− γ5)cβ, (19)
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with α, β being the color indices, q1,2 being the d or s quarks.
In the factorization hypothesis, the topological amplitudes in the D → PP modes can
be written as [5]
T [C] =
Gf√
2
VCKMa1(µ)[a2(µ)]fP2(m
2
D −m2P1)FD→P10 (m2P2), (20)
E =
Gf√
2
VCKMC2(µ)χ
E
q,se
iφEq,sfDm
2
D
(fP1fP2
f 2pi
)
, (21)
A =
Gf√
2
VCKMC1(µ)χ
A
q,se
iφAq,sfDm
2
D
(fP1fP2
f 2pi
)
, (22)
with
a1(µ) = C2(µ) +
C1(µ)
Nc
, a2(µ) = C1(µ) + C2(µ)[
1
Nc
+ χCeiφ
C
], (23)
and Nc = 3. Here P1 represents the pseudoscalar meson transited from the D decays, and
P2 the emitted meson, in the T and C diagrams. C1,2(µ) are the Wilson coefficients at
the scale of µ =
√
ΛmD(1− r22) for T and C diagrams, and µ =
√
ΛmD(1− r21)(1− r22)
for E and A diagrams, with ri = mPi/mD, to describe the SU(3) breaking effect relating
to the energy release of the final states. Λ represents the momentum of the soft degree of
freedom in the D decays, fixed to be Λ = 0.5GeV in this work. It has been shown that
large nonfactorizable contributions exist in the C diagram, resulting from the final-state
interactions, which are parametrized as χCeiφ
C
. fi and F0 are the decay constants and
transition form factors, respectively, whose values are used as in [5, 33]. The E and A
diagrams are dominated by the nonfactorizable contributions, parametrized as χE,Aq,s e
iφE,Aq,s ,
while the factorizable ones are neglected due to the helicity suppression. The subscripts
q and s stand for the quark pairs produced from the vacuum as the u, d quarks or the s
quark. Due to the fact that the pion boson is a Nambu-Goldstone boson and quark-antiquark
bound state simultaneously [34, 35], a strong phase factor eiSpi is introduced for each pion
involved in the non-factorizable contributions of E and A amplitudes. In the end, all the
non-factorizable parameters, χC , φC , χE,Aq,s , φ
E,A
q,s and Spi are universal parameters to be fit
from the data.
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Similarly, the topological amplitudes of the D → PV modes can be parametrized as [6]
TP [CP ] =
GF√
2
VCKMa
P
1 (µ)[a
P
2 (µ)]fVmV F
D→P
1 (m
2
V )2(εV · pD), (24)
TV [CV ] =
GF√
2
VCKMa
V
1 (µ)[a
V
2 (µ)]fPmVA
D→V
0 (m
2
P )2(εV · pD), (25)
EP,V =
GF√
2
VCKMC2(µ)χ
E
q,se
iφEq,sfDmD
fPfV
fpifρ
(εV · pD), (26)
AP,V =
GF√
2
VCKMC1(µ)χ
A
q,se
iφAq,sfDmD
fPfV
fpifρ
(εV · pD), (27)
where the subscript P in TP and CP represents the topologies with a transited pseudoscalar
meson and an emitted vector boson, while the subscript V in TV and CV stands for the
transited vector meson and emitted pseudoscalar meson diagrams. The effective Wilson
coefficients a
P (V )
1 and a
P (V )
2 are
a
P (V )
1 (µ) = C2(µ) +
C1(µ)
NC
, a
P (V )
2 (µ) = C1(µ) + C2(µ)[
1
Nc
+ χCP (V )e
iφC
P (V ) ]. (28)
The nonfactorizable parameters χCP,V and φ
C
P,V are also free to be determined by the data.
For the annihilation-type diagrams, the subscripts of EP,V and AP,V stand for the anti-quark
from weak decays entering in the pseudoscalar meson or the vector meson. It is assumed
that EP = EV and AP = AV in the FAT approach, due to the almost vanishing branching
fraction of D+s → pi+ρ0 [6], but χE,Aq 6= χE,As and φE,Aq 6= φE,As to describe large SU(3)
breaking effects.
In the end, the major nonperturbative and nonfactorizable contributions are involved
in these universal parameters, and most SU(3) breaking effects are considered in the FAT
approach. Besides, the penguin contributions are not included in the CF and DCS decays,
are smaller than the tree diagrams, and hence are neglected in this paper. In the following
discussions, the CKM matrix elements are specified out of each topological diagram to denote
the CF and DCS amplitudes. So we will use the same symbols for the topological diagrams
with and without CKM matrix elements, so there will be no ambiguity.
IV. NUMERICAL RESULTS
In order to obtain the reasonable results of K0S −K0L asymmetries R(f), we do a global
χ2 fit on the nonperturbative parameters in the FAT approach using the latest experimental
data. The fittings are separately for the D → PP and PV modes with 30 and 37 data,
10
TABLE I: Branching fractions and representations of topological amplitudes for the D → PP
decays with K0S or K
0
L in the final states. Our results are given in the last column, compared to
the experimental data [2].
Modes Representation Bexp(%) BFAT(%)
D0 → K0Spi0 12V ∗cdVus(C − E)− 12V ∗csVud(C − E) 1.20±0.04 1.31±0.06
D0 → K0Lpi0 12V ∗cdVus(C − E) + 12V ∗csVud(C − E) 1.00±0.07 1.05±0.04
D0 → K0Sη
V ∗cdVus[
1
2 (C + E) cosφη − 1√2E sinφη]
− V ∗csVud[ 12 (C + E) cosφη − 1√2E sinφη]
0.485±0.030 0.50±0.09
D0 → K0Lη
V ∗cdVus[
1
2 (C + E) cosφη − 1√2E sinφη]
+ V ∗csVud[
1
2 (C + E) cosφη − 1√2E sinφη]
0.40±0.07
D0 → K0Sη′
V ∗cdVus[
1
2 (C + E) sinφη +
1√
2
E cosφη]
− V ∗csVud[ 12 (C + E) sinφη + 1√2E cosφη]
0.95±0.05 0.95±0.09
D0 → K0Lη′
V ∗cdVus[
1
2 (C + E) sinφη +
1√
2
E cosφη]
+ V ∗csVud[
1
2 (C + E) sinφη +
1√
2
E cosφη]
0.77±0.07
D+ → K0Spi+ 1√2V ∗cdVus(C +A)− 1√2V ∗csVud(T + C) 1.53±0.06 1.61±0.13
D+ → K0Lpi+ 1√2V ∗cdVus(C +A) + 1√2V ∗csVud(T + C) 1.46±0.05 1.47±0.14
D+s → K0SK+ 1√2V ∗cdVus(T + C)− 1√2V ∗csVud(C +A) 1.50±0.05 1.50±0.16
D+s → K0LK+ 1√2V ∗cdVus(T + C) + 1√2V ∗csVud(C +A) 1.46±0.16
respectively. We use the B(D → K0Sf) and B(D → K0Lf) instead of the B(D → K
0
f) so as
to include the interference effects between the CF and DCS decays. The associated best-fit
values and uncertainties are obtained as
χC = −0.406± 0.011, φC = 0.636± 0.011,
χEq = 0.226± 0.006, χEs = 0.138± 0.005,
χAq = 0.259± 0.013, χAs = 0.218± 0.015,
φEq = −4.44± 0.02, φEs = −4.81± 0.04,
φAq = −4.21± 0.03, φAs = −3.93± 0.04,
Spi = 0.192± 0.010,
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TABLE II: Same as Table I but for the D → PV decays.
Modes Representation Bexp(%) BFAT(%)
D0 → K0Sρ0 12V ∗cdVus(CV − EP )− 12V ∗csVud(CV − EV ) 0.64+0.07−0.08 0.50± 0.11
D0 → K0Lρ0 12V ∗cdVus(CV − EP ) + 12V ∗csVud(CV − EV ) 0.40± 0.09
D0 → K0Sω 12V ∗cdVus(CV + EP )− 12V ∗csVud(CV + EV ) 1.11± 0.06 1.18± 0.19
D0 → K0Lω 12V ∗cdVus(CV + EP ) + 12V ∗csVud(CV + EV ) 0.95± 0.15
D0 → K0Sφ 1√2V ∗cdVusEV − 1√2V ∗csVudEP 0.424
+0.033
−0.017 0.40± 0.04
D0 → K0Lφ 1√2V ∗cdVusEV + 1√2V ∗csVudEP 0.33± 0.03
D+ → K0Sρ+ 1√2V ∗cdVus(CV +AP )− 1√2V ∗csVud(TP + CV ) 6.04
+0.60
−0.34 4.99± 0.50
D+ → K0Lρ+ 1√2V ∗cdVus(CV +AP ) + 1√2V ∗csVud(TP + CV ) 5.37± 0.50
D+s → K0SK∗+ 1√2V ∗cdVus(TP + CV )− 1√2V ∗csVud(CV +AP ) 2.7± 0.6 1.20± 0.36
D+s → K0LK∗+ 1√2V ∗cdVus(TP + CV ) + 1√2V ∗csVud(CV +AP ) 1.37± 0.33
in the D → PP modes, and
χCP = −0.443± 0.007, φCP = 0.497± 0.027,
χCV = −0.694± 0.024, φCV = 0.828± 0.065,
χEq = 0.194± 0.013, χEs = 0.283± 0.011,
χAq = 0.147± 0.021, χAs = 0.135± 0.032,
φEq = −1.40± 0.07, φEs = −3.09± 0.13,
φAq = −0.584± 0.211, φAs = −1.71± 0.14,
Spi = 1.28± 0.14,
in the D → PV modes.
The topological diagrammatic representations and our results of branching fractions in
the D → K0Sf and D → K0Lf decays are presented in Tables I and II for the D → PP and
PV decay modes, respectively. The predictions are given in the last columns, compared to
the experimental data [2]. The additional data and results in the global fitting are listed in
Appendix. In order to obtain a reasonable error estimation, we consider the uncertainties
of those universal parameters as well as the decay constants and form factors involved. The
errors of decay constants of pi, K, D and Ds are taken from PDG [2], those of η and η
′ are
from [36], and those of vector mesons are from [37]. The form factors and their errors of
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D → P are taken from [38]. The errors of all the other decay constants and form factors
are taken as 10% of the center value due to the theoretical uncertainties. It can be found
that our results are well consistent with the data within the uncertainties. Besides, the
predictions on the branching fractions of D → K0Lf are to be tested by experiments.
From Tables. I and II, the branching fractions of the D → K0Sf modes are obviously
different from those of the D → K0Lf modes, due to the effect of interference between the CF
and DCS amplitudes. For example, B(D0 → K0Sf 0CP ) are all larger than B(D0 → K0Lf 0CP ).
As shown in [10], B(D0 → K0Spi0) > B(D0 → K0Lpi0) holds with a significance of more than
4σ. From (5), B(D → K0Sf)+B(D → K0Lf) = B(D → K
0
f)+B(D → K0f) ≈ B(D → K0f)
as a good approximation with neglected branching fractions of DCS processes.
The difference between B(D → K0Sf) and B(D → K0Lf) is induced by the effect of
interference between the CF and DCS amplitudes, defined by the K0S − K0L asymmetries,
R(f). With the fitting results, the K0S − K0L asymmetries in the D+ and D+s decays are
predicted to be
R(D+ → K0S,Lpi+) = 0.025± 0.008,
R(D+s → K0S,LK+) = 0.012± 0.006,
R(D+ → K0S,Lρ+) = −0.037± 0.011,
R(D+s → K0S,LK∗+) = −0.070± 0.032.
(29)
Our result is consistent with the experimental data of R(D+ → K0S,Lpi+)exp = 0.022±0.016±
0.018 [21].
For the D0 decays, the amplitudes of D0 → K0f 0CP and D0 → K0f 0CP are the same except
for the CKM matrix elements. For example,
A(D0 → K0pi0)
A(D0 → K0pi0)
=
V ∗cdVus
V ∗csVud
CK0 + EK0
C
K
0 + E
K
0
= − tan2 θC . (30)
In the FAT approach, as showed in Eq. (20) and (21), CK0 = CK0 , EK0 = EK0 , due to
fK0 = fK0 . The above ratio is only related to the CKM matrix elements. This relation
also holds for the D0 → K0(K0)η(′) decays. In the case of the D → PV modes, due to the
assumption of EP = EV in the FAT approach as discussed in Sec. III and shown in (26),
the ratios between the DCS and CF amplitudes in the modes of D0 decaying into ρ0, ω and
φ also only depend on the CKM matrix elements. Then the K0S −K0L asymmetries in the
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D0 decays are identical to each other, and according to Eq. (17)
R(D0 → K0S,Lf 0CP ) = 2 tan2 θC + yD. (31)
With the current world averaging result of the D0−D0 mixing parameter yD = (0.62±0.08)%
assuming no CP violation [3], we have
R(D0 → K0S,Lpi0) = R(D0 → K0S,Lη) = R(D0 → K0S,Lη′)
= R(D0 → K0S,Lρ0) = R(D0 → K0S,Lω) = R(D0 → K0S,Lφ) = 0.113± 0.001,
(32)
with the error from those of the CKM matrix elements and yD. Our result is consistent
with experimental result of R(D0 → K0S,Lpi0) = 0.108± 0.025± 0.024 [21] with large errors.
Without the effect of D0 − D0 mixing, R(D0 → K0S,Lf 0CP ) ≈ 0.107 which is in agreement
with predictions in other methods as seen in Table.III. The improvement on the precision of
measurements is called for to test the neutral D mixing effect in the K0S −K0L asymmetries.
In experiment, at the current stage with limited data to determine the effect of D0 − D0
mixing, it is suggested to measure all the above two-body decays of the D0 and combine the
results to decrease the errors.
It is found that the amplitudes of A(D0 → K0f 0CP ) and A(D0 → K
0
f 0CP ) are reflected
under the U -spin symmetry and the K0S − K0L asymmetries of D0 meson decays are less
sensitive to the SU(3) breaking, and thereby R(D0 → K0S,Lpi0) = R(D0 → K0S,Lη) =
R(D0 → K0S,Lη′) [39]. Our results support this conclusion and extend it to D0 → PV
decays. The results on the PV modes depend on the assumption of EP = EV in the FAT
approach, which works well for the branching fractions at the current stage.
We have listed the results of the diagrammatic approach [7, 13], the QCD factorization
approach [24], the diagrammatic approach with global linear SU(3) breaking analysis [10],
the experimental data [21] and the FAT approach in Tables III for comparison. Our pre-
diction of R(D0 → K0S,Lpi0) is larger than the others by yD = (0.62 ± 0.08)% due to the
D0−D0 mixing effects involved. The result of R(D+ → K0S,Lpi+) in this work has the same
sign with the experimental data, but opposite to the other theoretical predictions, because
the FAT approach could contain significant flavor SU(3) symmetry breaking effects com-
pared with [7, 13, 24], and the latest experimental data of branching fractions have been
considered. It is a similar case for the predictions of R(D+s → K0S,LK+). In [10], since there
are too many parameters to fit limited data, the uncertainties of predictions on the K0S−K0L
asymmetries are very large.
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TABLE III: Results on K0S − K0L asymmetries in D0 → K0S,Lpi0, D+ → K0S,Lpi+ and D+s →
K0S,LK
+. Our results are compared to other approaches [7, 10, 13, 24] and the experimental
data [21].
R[13] R[7] R[24] R[10] Rexp[21] R(FAT)
D0 → K0S,Lpi0 0.107 0.107 0.106 0.09+0.04−0.02 0.108± 0.035 0.113± 0.001
D+ → K0S,Lpi+ −0.005± 0.013 −0.019± 0.016 −0.010± 0.026 0.022± 0.024 0.025± 0.008
D+s → K0S,LK+ −0.002± 0.009 −0.008± 0.007 −0.008± 0.007 0.11+0.04−0.14 0.012± 0.006
V. CONCLUSIONS
The effect of interference between the CF and DCS amplitudes results in the K0S −K0L
asymmetries in D → K0S,Lf decays. We present the formulas of the K0S −K0L asymmetries,
R(f), and calculate them in the FAT approach in which significant nonperturbative effects
and the SU(3) asymmetry breaking effects are involved. The branching fractions of the
decay modes with K0L are predicted. The results of R(D
0 → K0S,Lpi0) and R(D+ → K0S,Lpi+)
are in agreement with experimental data. We first predict the K0S −K0L asymmetries in the
decay modes with vector mesons in the final states. Furthermore, we first consider the effect
of D0 −D0 mixing in the study of K0S −K0L asymmetries in neutral D-meson decays. It is
found that R(D0 → K0S,Lf 0CP ) = 2 tan2 θC + yD = 0.113 ± 0.001, where yD is the D0 −D
0
mixing parameter, with the value of (0.62±0.08)% and cannot be neglected. Our predictions
will be tested by the future experiments with higher precision, like BESIII. Besides, we find
all the K0S − K0L asymmetries in the D0 decays are identical to each other. Therefore it
is suggested to measure all of them and combine the results to test the effect of D0 − D0
mixing.
Acknowledgments
This work is partially supported by National Natural Science Foundation of China under
Grants No. 11347027 and No. 11505083 and the Fundamental Research Funds for the
Central Universities under Grant No. lzujbky-2015-241.
15
Appendix A: Branching fractions in global fitting
We list the experimental data and our predictions of the channels we used to determine
the universal parameters in the FAT approach in Tables IV and V. The global fitting of the
D → PP and D → PV modes is separate. There are 30 observables to fix 11 free parameters
in the D → PP modes and 37 observables to fix 13 free parameters in the D → PV modes.
The ρ0 − ω mixing,
|ρ0〉 = |ρ0I〉 − ε|ωI〉, |ω〉 = ε|ρ0I〉+ |ωI〉, (A1)
is considered in the D → PV modes to conform with the undated data of B(D0 → pi0ω)
and B(D+ → pi+ω) [40], where |ρ0I〉 and |ωI〉 denote the isospin eigenstates of ρ0 and ω and
ε is chosen to be 0.12 as in [6].
TABLE IV: The branching fractions we have used in the global fitting of D → PP modes,
compared with our predictions. All data in this table are obtained from PDG [2]. The D → K0S,Lf
modes are not included but listed in Table I.
Modes Bexp BFAT Modes Bexp BFAT
D0 → pi+K− (3.93±0.04)% (3.82± 0.96)% D+s → pi+η (1.70±0.09)% (1.96± 0.44)%
D+s → pi+η′ (3.94±0.25)% (4.67± 0.62)% D0 → pi+pi− (1.421±0.025)‰ (1.418± 0.093)‰
D0 → K+K− (4.01±0.07)‰ (3.92± 0.95)‰ D0 → K0SK0S (0.18±0.04)‰ (0.20±0.03)‰
D0 → pi0pi0 (0.826±0.035)‰ (0.707± 0.029)‰ D0 → pi0η (0.69±0.07)‰ (0.99±0.08)‰
D0 → pi0η′ (0.91±0.14)‰ (0.66±0.04)‰ D0 → ηη (1.70±0.20)‰ (1.27±0.25)‰
D0 → ηη′ (1.07±0.26)‰ (1.43±0.21)‰ D+ → pi+pi0 (1.24±0.06)‰ (1.04±0.07)‰
D+ → K0SK+ (2.95±0.15)‰ (3.06±1.18)‰ D+ → pi+η (3.66±0.22)‰ (2.80±0.42)‰
D+ → pi+η′ (4.84±0.31)‰ (3.89±0.22)‰ D+s → pi0K+ (0.63±0.21)‰ (0.69±0.03)‰
D+s → K0Spi+ (1.22±0.06)‰ (1.04±0.13)‰ D+s → K+η (1.77±0.35)‰ (0.91±0.20)‰
D+s → K+η′ (1.8±0.6)‰ (3.1±0.4)‰ D0 → pi−K+ (1.399±0.027)‱ (1.550±0.086)‱
D+ → pi0K+ (1.89±0.25)‱ (1.73±0.13)‱ D+ → K+η (1.12±0.18)‱ (0.67±0.17)‱
D+ → K+η′ (1.83±0.23)‱ (1.72±0.19)‱
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TABLE V: Same as Table IV but for the D → PV decays, in which B(D0 → pi0ω) and B(D+ →
pi+ω) are taken from [40], B(D0 → ηω) from [41], and the others are obtained from PDG [2].
Modes Bexp BFAT Modes Bexp BFAT
D0 → pi+K∗− (5.43± 0.44)% (5.72±0.80)% D0 → pi0K∗0 (3.75± 0.29)% (3.75±0.27)%
D0 → K−ρ+ (11.1± 0.9)% (10.6±0.6)% D0 → ηK∗0 (0.96± 0.30)% (0.39±0.13)%
D+ → pi+K∗0 (1.57± 0.13)% (1.71±0.33)% D+s → pi+ρ0 (0.020± 0.012)% (0.002±0.001)%
D+s → pi+ω (0.24± 0.06)% (0.17±0.05)% D+s → pi+φ (4.5± 0.4)% (3.4±0.7)%
D+s → K+K
∗0
(3.92± 0.14)% (4.06±0.50)% D+s → ηρ+ (8.9± 0.8)% (9.1±1.6)%
D+s → η′ρ+ (5.8± 1.5)% (1.4±0.4)% D0 → pi+ρ− (5.09± 0.34)‰ (4.34±0.59)‰
D0 → pi0ρ0 (3.82± 0.29)‰ (4.06±0.29)‰ D0 → pi0ω (0.117± 0.035)‰ (0.130±0.031)‰
D0 → pi0φ (1.35± 0.10)‰ (1.09±0.08)‰ D0 → pi−ρ+ (10.0± 0.6)‰ (9.4±0.6)‰
D0 → K+K∗− (1.62± 0.15)‰ (1.96±0.31)‰ D0 → K−K∗+ (4.50± 0.30)‰ (4.76±0.31)‰
D0 → ηω (2.21± 0.23)‰ (1.92±0.35)‰ D0 → ηφ (0.14± 0.05)‰ (0.20±0.06)‰
D+ → pi+ρ0 (0.84± 0.15)‰ (0.54±0.06)‰ D+ → pi+ω (0.279± 0.059)‰ (0.326±0.108)‰
D+ → pi+φ (5.66+0.19−0.21)‰ (5.60±0.44)‰ D+ → K+K
∗0
(3.84+0.14−0.23)‰ (3.42±0.68)‰
D+ → K0SK∗+ (17± 8)‰ (5±1)‰ D+s → pi+K∗0 (2.13± 0.36)‰ (3.04±0.53)‰
D+s → K+ρ0 (2.5± 0.4)‰ (2.1±0.3)‰ D+s → K+φ (0.164± 0.041)‰ (0.142±0.052)‰
D0 → pi−K∗+ (3.45+1.80−1.02)‱ (4.44±0.31)‱ D+ → pi+K∗0 (3.9± 0.6)‱ (3.7±0.3)‱
D+ → K+ρ0 (2.1± 0.5)‱ (2.2±0.4)‱ D+s → K+K∗0 (0.90± 0.51)‱ (0.23±0.03)‱
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